Focal nodular hyperplasia (FNH) has very low potential risk, and a tendency to spontaneously resolve. Hepatocellular adenoma (HCA) has a certain malignant tendency, and its prognosis is significantly different from FNH. Accurate identification of HCA and FNH is critical for clinical treatment.
INTRODUCTION
Focal nodular hyperplasia (FNH) is a proliferative lesion caused by vascular malformation, which is very common in the clinic. The potential risk is extremely low, most of FNH will not be malignant, and it has a tendency to spontaneously resolve [1] [2] [3] . Hepatocellular adenoma (HCA) is a rare liver tumor, which is prone to secondary hemorrhage and has a tendency towards malignant transformation. Although it can be treated conservatively after diagnosis, it must be closely monitored. Surgical resection is required once it is considered to be malignant, and its prognosis is also significantly different from FNH [4] [5] [6] . Therefore, accurate identification of HCA and FNH is essential for clinical treatment. However, patients with HCA or FNH have no obvious clinical symptoms, and tumor markers are not significantly expressed in FNH or HCA [7] [8] [9] . Ultrasound is a routine imaging diagnostic tool for diagnosing liver diseases. Although traditional two-dimensional ultrasound and Doppler ultrasound are difficult to distinguish, recent research has revealed that contrast-enhanced ultrasound (CEUS) has a certain value in this identification [10, 11] . CEUS can clearly identify FNH and HCA through stellate scars in the central part of small FNH [12] . However, due to the low incidence of HCA, the CEUS performance of FNH is not typical. Hence, the value of CEUS in identifying HCA and FNH is limited currently [13, 14] . In recent years, real-time shear wave elastography (SWE) technology can non-invasively and accurately obtain the absolute elasticity value of diseased tissues, and has been applied to the differential diagnosis of benign and malignant liver-occupying lesions [15] [16] [17] . To date, however, SWE has less application in identifying HCA and FNH. In the study of Gerber et al [18] , the hardness of FNH was higher than HCA, but the sample size was insufficient and needed further verification [18] . Therefore, this study recruited HCA and FNH patients as research subjects. It systematically analyzed the different performances of conventional ultrasound, SWE and CEUS between HCA and FNH, and explored the value of ultrasound multi-parameter indicators in the differential diagnosis of HCA and FNH. Furthermore, a logistic regression model was used to establish a combined diagnosis of ultrasound multi-parameter indicators. The value of multi-parameter combined identification of HCA and FNH was explored to provide useful information for the follow-up treatment of HCA.
MATERIALS AND METHODS

Research objective
Patients diagnosed with HCA or FNH in Yinzhou Hospital affiliated with Ningbo University School of Medicine from January 2017 to September 2019 were recruited. Inclusion criteria were as follows: (1) Diagnosed as HCA or FNH by surgical pathology or biopsy; and (2) Underwent color Doppler ultrasound, SWE, and CEUS examination, as well as obtained complete imaging data before surgery. Patients with malignant tumors or severe liver, kidney, heart, and brain dysfunction were excluded. A total of 31 patients with HCA who met the criteria were divided into the HCA group, including eight males and 23 females. The age range was 20-42 years old, with an average of 27.29 ± 9.87 years. A total of 50 FNH patients were divided into the FNH group, including 24 males and 26 females. The age range was 18-years-old to 48years-old, with an average of 28.09 ± 10.57 years. The age, gender, history of viral infection, and history of cirrhosis was recorded in the two groups. All patients gave informed consent for the study, and the study was approved by the Ethics Committee of Yinzhou Hospital affiliated with Ningbo University School of Medicine.
Research methods
Liver function and serological examination: Liver function analysis and serological examination were performed on both groups. The patients were kept on a light diet, and fasted for 8 h before examination. Blood was taken from the elbow vein in the morning. Liver function and serological parameters of the two groups were determined using a Bayerl 650 automatic biochemical analyzer. Liver function indicators included alanine aminotransferase (ALT), aspartate aminotransferase (AST), and glutamyl transpeptidase (GGT). Serological indicators included albumin, total bilirubin (Tbil), prothrombin time (PT), and serum ferritin (SF).
Tumor markers:
The alpha-fetoprotein (AFP) index of the two groups was examined and recorded by chemiluminescence immunoassay. The kit was purchased from Siemens Medical Diagnostics Products (Shanghai) Co., Ltd. and operated in strict accordance with its instructions. The AFP reference values were as follows: < 20 μg/L indicated normal; 25-100 μg/L indicated a low-level increase; 100-500 μg/L indicated a medium-level increase; > 500 μg/L indicated a high-level increase [19] .
Ultrasound examination
Conventional ultrasound: An Esaote MyLab 90 (Esaote Group, Italy) color Doppler ultrasound system with 1-8 MHz frequency was used in this study. The patient was placed in a supine position with arms raised to expose the abdomen. An intercostal space scan was applied with a conventional two-dimensional ultrasound mode, and the image was adjusted after detecting the lesion to avoid rib and lung interference. The best display area of the lesion was located. Lesion location, internal echo, echo uniformity, lesion property, morphology, border, posterior echo, surrounding capsule and microcalcification were recorded. Then, the color Doppler mode was switched to observe the blood supply in the center of and surrounding the lesion.
Ultrasound elastography: SWE studies were performed using the Aixplorer™ ultrasound system (SuperSonic Imagine S.A., Aix-en-Provence, France) with a 6-8 MHz probe. The location of the lesion was determined after routine ultrasound examination. We first set the size of the sampling frame to completely cover the lesion. Meanwhile, we avoided the heart and abdominal large blood vessels. After the sampling frame was set, the patient was asked to hold for 3 s to save the SWE image. In the SWE image, the hard tissue is represented by red, and the soft tissue is represented by blue [20] . The Young's modulus (YM) value (kPa) and YM ratio were measured at the end of the examination.
CEUS examination:
An Esaote MyLab 90 (Esaote Group, Italy) color Doppler ultrasound system with 1-4 MHz frequency was used for CEUS. The mechanical index was set to 0.19 and the dynamic range was 80 dB. The contrast agent was used from SonoVue (Braeeo CO., LTD). At the beginning, 25 mg of contrast medium was dissolved in 5 ml of normal saline. A 2.4 mL suspension was then injected via the superficial vein of the elbow. Finally, 5 ml of normal saline was used for washout. The intensive manifestations of lesions in the arterial phase, portal venous phase, and delayed phase were continuously observed in real time. The software can automatically plot the TIC curve and record the following parameters: Background intensity (BI), peak intensity (PI), enhancement time (ET), peak intensity Change (PI-BI), TIC increasing slope, and TIC decreasing slope.
Statistical methods
Analysis was performed using Statistical Product and Service Solutions (SPSS 19.0) software. The measurement data were expressed as x ± s, and comparisons were performed using an independent sample t test. The count data were expressed in case or percentage, and the chi-square test was used for comparison. Multivariate logistic regression analysis was used to screen the potential identification indexes of HCA and FNH. An ROC curve was established to analyze the accuracy of the identification of HCA and FNH. The value of the combined indicators based on a logistic regression model for distinguishing HCA and FNH were explored. The difference was considered statistically significant at P < 0.05.
RESULTS
In this study, 31 patients in the HCA group included 31 lesions, and 50 patients in the FNH group included 50 lesions. All patients retained complete clinical, pathological, and ultrasound imaging data.
Comparison of clinical data between the HCA and FNH groups
In the HCA group, six patients had a history of viral infection, and four patents had a history of cirrhosis. The GGT was slightly elevated. ALT, AST, Albumin, Tbil, PT, AFP and SF were normal. Compared with the FNH group, the proportion of females was higher than that of the FNH group (P < 0.05). The other clinical data were similar with those in the FNH group, and the differences were not statistically significant (P > 0.05) ( Table 1 ).
Ultrasound and pathological features of HCA
The ultrasound images of HCA showed solid lesions with round or elliptical shapes, with clear borders and high internal echoes in most cases ( Figure 1A ). Blood flow signals were common in most HCA lesions ( Figure 1B ). SWE showed that the hardness of HCA was slightly higher than that of normal surrounding liver tissue ( Figure 1C ). CEUS showed a rapid and significant increase in the arterial phase, a fast washout in the portal venous phase, and an equal or low enhancement in the delayed phase ( Figure 1D ). In terms of pathology, the gross specimens found abundant blood vessels on the surface of the tumors. The specimens were dark purple, uniform, and a few specimens were accompanied by necrosis or bleeding in the center. Microscopically, the tumor cells were similar to the surrounding normal liver cells, but there was no portal area, portal vein and small bile duct branches in the HCA. Kupffer cells, nuclear fission phase, and complete bile duct structure were lacking in the HCA ( Figure 1E ).
Comparison of ultrasound characteristics between the HCA and FNH groups
By comparing the ultrasound features between the HCA and FNH groups, it can be found that the HCA lesions were mostly hyperechoic, while the FNH lesions were mostly hypoechoic. In the SWE feature, the hardness of the HCA lesion was less than that of the FNH lesion. In CEUS performance, the enhancement of HCA was mostly peripheral-centered filling, with low enhancement in the delayed phase, and hemorrhagic necrosis in some HCA lesions. The enhancement of FNH was mostly radioactively filled from the center to the periphery, with slightly high or equal enhancement in the delayed phase. Some stellate scars were found in some FNH lesions. Quantitative analysis of the ultrasound characteristics of the two groups is shown in Table 2 . The high echo ratio, solid lesion ratio, and TIC decreasing slope in the HCA group were significantly higher than those in the FNH group. The YM value, YM ratio, and area under the curve (AUC) were significantly lower than those in the FNH group. The differences were statistically significant (P < 0.05). The differences in lesion location, lesion boundary, lesion capsule, microcalcification, posterior echo, blood flow, PI-BI, ET, and TIC increasing slope were similar, and there is no statistical significance (P > 0.05).
Multivariate logistic regression analysis of HCA
Multivariate logistic regression analysis was performed to explore the potential indicators identifying HCA. The results showed that gender, lesion property and YM ratio had no significant effect on the identification of HCA. The differences were not statistically significant (P > 0.05). The lesion echo (P = 0.000), YM value (P = 0.000) and TIC decreasing slope (P = 0.000) were potential indicators for identifying HCA (Table  3) .
ROC curve analysis of ultrasound indicators to identify HCA and FNH
The AUC of each ultrasound indicator distinguishing HCA and FNH was different. The prediction accuracy of the YM value was the highest (AUC = 0.891). The sensitivity was 92.16%, but the specificity was low (73.28%). The AUC of TIC decreasing slope and lesion echo were lower than that of YM value, and the differences were statistically significant (P < 0.05). The accuracy of the combination of three ultrasound indicators identifying HCA and FNH was the highest (AUC = 0.938), which was significantly higher than the AUCs of the three ultrasound indicators individually identifying HCA and FNH. The differences were statistically significant (P < 0.05). The cut-off point was 0.540. Its sensitivity and specificity were 91.23% and 83.33%, respectively (Table 4 and Figure 2 ).
DISCUSSION
HCA is a clinically rare benign liver tumor, which often needs to be differentiated from FNH, a non-angiogenic liver benign lesion [21] . Due to the fact that the clinical symptoms of HCA and FNH are not obvious, and the level of related tumor markers are not expressed, it is difficult to differentiate them by physical examination. However, their treatments and prognoses are highly distinct [22, 23] . FNH is a proliferative lesion caused by vascular malformation, whereas HCA is a dangerous tumor with a tendency to hemorrhage and undergo malignant transformation. Although a needle biopsy can be used for differential diagnosis, it is an invasive procedure and cannot be used as a routine examination. Ultrasound is important for liver examination because of its simple, non-invasive and high diagnostic accuracy. However, gray-scale ultrasound is limited in identifying HCA and FNH [24] . Although CEUS can recognize the stellate scars of FNH and the ischemic necrosis of HCA, the accuracy of CEUS in identifying HCA and FNH is not high due to the low detection rate of stellate scars of FNH [25] . As a new technique that has been widely used in the differential diagnosis of benign and malignant livers [26] , SWE can be used for the differential diagnosis of FNH and HCA by detecting their YM. This study explored the accuracy of conventional ultrasound, SWE and CEUS multi-parameter ultrasound indicators to identify HCA and FNH, with an intent to provide useful information for clinical treatment.
HCA is an estrogen-dependent tumor that has been reported in previous studies in young women or men taking steroids [27] [28] [29] . In this study, the proportion of female patients with HCA was higher than that of FNH patients. However, there was no significant difference between the two groups in other clinical data, such as the history of viral infection, serological markers for evaluating liver function, and tumor markers (e.g., AFP). It is difficult to identify HCA and FNH solely through clinical data and laboratory examinations [30] . According to pathological diagnostic criteria, we learned that the typical FNH lesions are nodular, with hyperplastic fibrous tissue, small blood vessels and bile duct structures. Stellate scars can be found in some FNH lesions. The tumor cells of HCA are similar to the surrounding normal liver cells. The center of the tumor may be accompanied by necrosis or hemorrhage. Some HCA lesions had scattered and lumen-expanded small blood vessels. However, there is no The presence of a complete portal system and bile duct structure is a major feature in identifying HCA and FNH. Histopathological examination is an invasive examination and cannot be used as a routine examination, although it can clearly distinguish HCA and FNH. Therefore, it is important to explore a non-invasive and simple imaging examination method to identify HCA and FNH.
This study compared the gray-scale ultrasound, SWE and CEUS indicators between the HCA group and the FNH group in order to explore the potential identification indicators of HCA and FNH. It revealed that the ratio of high echo HCA lesions was higher than that of FNH. We believe that this is due to the fact that HCA tumor cells are rich in glycogen and fat, and the high fat content makes a high echo. The study of Hasab et al [31] found that although HCA lesions were mostly in high echo types, their ultrasound performance also varies. Because the blood supply of HCA lesions is from the surrounding large blood vessels rather than the central artery, necrosis or hemorrhage is likely to occur in the tumor, and the site of necrosis or hemorrhage will appear as a no echo area. In addition, due to fibrous tissue hyperplasia, the stellate scars of FNH also represent as high echo, which is easily confused in the differential diagnosis of conventional ultrasound. The present study also found that lesion boundary, morphology, blood flow signals and other indicators of HCA and FNH were not significantly different. It indicated that the identification of HCA and FNH solely by conventional gray-scale ultrasound was difficult.
The role of CEUS in the diagnosis of FNH has been recognized [32] [33] [34] . In the FNH group of the present study, the enhancement mode was mostly radioactively filled from the center to the periphery. The enhancement mode was slightly higher or of equal enhancement in the delayed phase, and some FNH had stellate scars. This is because the FNH blood supply is distributed centrally to the surrounding area, and the blood vessels are derived from the hepatic artery and the portal vein. During the portal vein phase, the contrast agent can be supplemented by the portal venous system, so it is called "fast-forward and slow-out" [35] . The enhancement mode of the HCA group was mostly peripheral-centered filling. Part of the HCA had a filling defect, that is, an ischemic necrotic area. The TIC decreasing slope of the HCA group was significantly higher than that of the FNH group. This is because the HCA tumor is surrounded by abundant peripheral blood vessels, and the branches of the blood vessels are infiltrated into the tumor for feeding. The contrast agent is filled with blood from the periphery to the center. If the lesion is large, the middle region is prone to lack blood supply and become necrotic, forming a filling defect. Because HCA lacks the portal system, its feeding vessels are derived from the hepatic artery. Hence the contrast agent is not supplemented during the portal vein phase. This enhanced mode is called "fast forward and fast out" [36] . In the FNH lesion, the portal vein was absent in the stellate scar, which was formed by fibrous tissue. Thus, the stellate filling defect area would appear in the CEUS. Nevertheless, HCA and FNH can be initially identified based on the difference in the two groups of CEUS findings. Guo et al [37] have found that the typical CEUS enhancement of FNH can also be found in HCA. Choi et al [38] also reported misdiagnosis in cases of HCA by CEUS [38] . Therefore, it is not accurate to identify HCA and FNH solely by utilizing CEUS.
SWE has been widely used in the differential diagnosis of benign and malignant liver lesions in recent years [39, 40] . It was applied in the differential diagnosis of HCA and FNH in this study. The results found that the YM value and YM ratio in the HCA group were significantly lower than those in the FNH group, indicating that the lesion hardness in the HCA group was significantly lower than that in the FNH group. This is because most FNHs have stellate scars formed by coarse fibers. These scars divide the tissue into multiple small nodules. There is hyperplastic fibrous tissue, thickened blood vessel walls and hyperplastic bile ducts among the small nodules. Therefore, the fibrous tissue content in FNH is increased, and the tissue hardness is increased [41] . On the other hand, HCA is mainly composed of hepatocytes rich in glycogen and lipids. The fibrous tissue content is rare. Moreover, HCA lesion lack portal vein structure and bile ducts, often including ischemic necrosis. These all lead to a decrease in the hardness value of the HCA lesion [42] [43] [44] .
According to the analysis results of the ROC curve in this study, gray-scale ultrasound, SWE and CEUS had their own advantages and disadvantages in identifying HCA and FNH. The lesion echo, YM value, and TIC decreasing slope could be used to identify HCA and FNH. Among them, YM value has the highest accuracy in identifying HCA. The AUC of HCA was 0.891, and the sensitivity was 92.16%. This suggested that the differential diagnosis of HCA and FNH by YM value is not prone to missed diagnosis. However, its specificity is low (73.28%), suggesting that the differential diagnosis of the YM value would result in a certain misdiagnosis rate. The AUC of the three indicators were all < 0.9, indicating that the accuracy of gray-scale ultrasound, SWE and CEUS for individually identifying HCA and FNH is limited. Therefore, this study combined the lesion echo, YM value, and TIC decreasing slope based on the logistic regression model. The combined diagnosis found that the AUC reached 0.938, which was higher than the AUC of these single indicators, indicating that the accuracy of the combined identification of the three indicators was the best. The combination of lesion echo, YM value and TIC decreasing slop in the differential diagnosis of HCA and FNH will hopefully be used in the clinic.
There are still shortcomings in this study. The SWE in this study was susceptible to the depth of the lesion and the operator. Hence, there is an inevitable error in the results. In addition, there is limited attention to this disease in the clinic because HCA is relatively rare and less malignant [45] [46] [47] [48] [49] [50] . Thus, several patients in this study were not included because of incomplete clinical data, resulting in a limited sample size. Following this study, we expect to conduct further research on HCA in multiple centers, which will provide more useful information for clinical diagnosis through analyzing more specific data.
In conclusion, the combination of lesion echo, YM value and TIC decreasing slop in multi-parameter ultrasound indicators based on logistic regression has high clinical guiding value for the differential diagnosis of HCA and FNH. 
ARTICLE HIGHLIGHTS
Research background
Hepatocellular adenoma (HCA) is prone to secondary hemorrhage, and has a certain tendency towards malignant transformation. It needs to be closely observed and surgically removed if necessary. Focal nodular hyperplasia (FNH), which often needs to be differentiated, is a vascular malformation lesion, which is not a true tumor and has a tendency to spontaneously resolve, so conservative treatment can be adopted. The treatment methods and prognosis of them are quite different, but they are not easy to clinically identify. Therefore, it is of great significance to explore effective identification methods for them.
Research motivation
Current studies have shown that biochemical indicators do not have obvious advantages in identifying HCA and FNH. In imaging methods, it is difficult to distinguish the difference by using ultrasound. Recent studies have shown that contrast enhanced ultrasound (CEUS) can be used to diagnose HCA, but the diagnostic accuracy of FNH is low. It revealed that the value of differential diagnosis using conventional ultrasound, or CEUS individually, is limited. In recent years, shear wave elastography (SWE) has been widely used in the identification of benign and malignant tumors in the liver, but there are few applications for the differential diagnosis of HCA and FNH. Therefore, methods for identifying HAC and FNH are still lacking in the clinic.
Research objectives
In order to explore effective methods for identifying HCA and FNH, we will analyze the routine clinical indicators, including Doppler ultrasound, CEUS and SWE, in HCA and FNH patients. Logistic regression analysis will be used to analyze the significance of combined diagnosis of multi-parameter ultrasound indicators for improving the differential diagnosis of HCA and FNH.
Research methods
The study included 31 patients with HCA, and 50 patients with FNH. The clinical data of the two groups were recorded, and conventional ultrasound, CEUS, and SWE examinations were performed, and the ultrasound parameters such as lesion position, boundary echo, value and ratio of Young's modulus (YM), slope of TIC curve, etc were recorded. Multivariate regression analysis was used to screen potential indicators for the differential diagnosis of HCA and FNH. A ROC curve was used to evaluate the accuracy of potential indicators in differential diagnosis. A logistic regression model was used to establish a combination to explore the accuracy of differential diagnosis.
Research results
Multivariate regression analysis showed that lesion echo (P = 0.000), YM value (P = 0.000) and TIC decreasing slope (P = 0.000) were the potential indicators for identifying HCA and FNH. The accuracy of differential diagnosis of YM value is the highest, but its AUC is still less than 0.9. It is suggested that although the lesion echo, YM value and TIC decreasing slope were the influencing factors of HCA, the accuracy of differential diagnosis using conventional ultrasound, SWE and CEUS alone was limited. Further logistic regression results showed that the accuracy of the combined diagnosis of three indicators (AUC = 0.938) was significantly higher than the AUC of lesion echo (AUC = 0.676), YM value (AUC = 0.891), and TIC decreasing slope (AUC = 0.785). It is suggested that the accuracy of the combination of the three indicators is the best. The combined diagnosis of multi-parameter ultrasound can significantly improve the accuracy of differential diagnosis between HCA and FNH. lesion and operator in SWE defection. This study plans to further develop a multicenter study on HCA to improve diagnosis accuracy. The multi-center large sample study will further reveal the role of multi-parameter ultrasound in the differential diagnosis of HCA and FNH, and further improve the accuracy of the diagnosis.
